A C-terminal dihydrophobic FL motif plays a vital role in the basolateral targeting of sodium bicarbonate cotransporter 1. To further characterize the role of dihydrophobic FL motif, 1). the FL motif in wild type (PFLS) was reversed to LF (PLFS), 2). the FL motif (PFLS) was shifted upstream (FLPS), and 3). the FL motif (PFLS) was shifted downstream (PSFL). The wild type (PFLS) and its mutant (PLFS) were exclusively expressed on the basolateral membrane by con-focal microscopy, however, the mutant (FLPS) and (PSFL) were predominantly mistargeted to the apical membrane and the cytoplasm, respectively. Functional studies showed that the mutant (PSFL) displayed a remarkably reduced current (p value<0.05 vs wild type). The mutant (PSFL) displayed a more reduced membrane surface expression than the wild type and was co-localized with ER marker. The protein sequence spanning FL motif in kNBC1 C-terminal cytoplasmic tail shows α helical structure, mutants (PLFS) and (PSFL) reduce α-helical contents by circular dichroism study. Reversed FL isn't a constraint for basolateral targeting, but shifting it upstream and downstream are ones.
INTRODUCTION

Polarization of epithelial cells in animals is critical to their physiological functions,
and involves the precise sorting, trafficking and targeting of asymmetrical transmembrane proteins to the apical and basolateral membrane domains (Tepass et al., 2001 ).
Possible mechanisms by which proteins are targeted to the apical membrane include N-linked glycosylation (Scheiffele, et al., 1995; Gut, et al., 1998 ) and intracellular association with glycosphingolipids(GPI) (Brown and Rose, 1992) . GPI-linked proteins destined for the apical membrane are preferentially delivered to plasma-membrane microdomains (lipid rafts) rich in cholesterol, glycolipids and sphingolipids ( In contrast, few models based on specific N-or C-terminal cytoplasmic motifs exist for basolateral targeting of proteins. For example, tyrosine-containing motifs NPXY/YXXϕ(in which ϕ is a bulky or hydrophobic residue) were identified in the lowdensity lipoprotein receptor(LDL-R) (Matter et al., 1992) , the vesicular stomatitis virus glycoprotein(VSVG) ( Thomas, et al., 1993) , the polymeric immunoglobulin A receptor(pIgA-R), the tranferrin receptor(Tfr-R) (Mackenzie et al., 2007 ) and the anion exchanger 1(AE1) Matter & Mellman, 1994; Devonald et al., 2003) .
All of these tyrosine-containing motifs are believed to direct the basolateral targeting of these transmembrane proteins and mutation of tyrosine to alanine in these motifs disrupts the exclusively basolateral targeting of these proteins.
Whereas basolateral targeting of the IgG Fc receptor FcRII-B2(FcR) does not depend on two tyrosine residues in its cytosolic domain, a di-leucine motif within a short 13 amino acid domain mediates basolateral delivery of FcR (Hunziker and Fumey, 1994; . Di-leucine motifs are also believed to be important for the basolateral targeting of E-cadherin, nucleotide pyrophosphatase/phosphodiesterase1 (NPPase1), the sulfate anion transporter sat-1 and the ClC2 chloride channel which are asymmetrically distributed in epithelial cells (Miranda, et A novel motif beginning with F is the di-hydrophobic FL motif, which plays a vital role in the basolateral targeting of the sodium bicarbonate cotransporter(NBC1, SLC4A4)
in MDCK cells (Li et al., 2004; Li et al., 2007 We examined the subcellular targeting and functional activity of epitope-tagged kNBC1 mutants expressed in transiently-transfected MDCK cells and in Xenopus oocytes using confocal microscopy and voltage clamping. We also examined circular dichroism of wild type and mutant kNBC1 di-hydrophobic motif in short peptides synthesized in vitro in order to explore their secondary structures.
RESULTS
Epitope-tagged NBC1 Is Targeted Exclusively to the Basolateral Membrane in
MDCK Epithelial Cells. In the first series of experiments, we examined the expression of GFP vector without the NBC1 insert in MDCK cells. Fig. 1a . (x-y projection) shows that transfection of cultured cells with the GFP vector alone (no NBC1 insert) results in the accumulation of GFP in the cytoplasm and no localization on the membrane (Fig. 1a .
co-labeled with ZO-1 staining and in Supplementary Fig. 8a . phallodintetramethylrhodamine staining). However, transfection with the GFP-NBC1 full-length cDNA shows exclusive localization in the membrane (as visualized by x-y projections, front view) in cells ( etc) in the cytoplasm. To explore this possibility, we expressed GFP-kNBC1 wild type and mutant 3 in frog oocytes immunostained with rabbit anti-GFP serum as well as in polarized MDCK cells co-stained with ER marker, PDI antibody. As in Fig.5 ., GFPkNBC1 protein expression on plasma surface membrane was more reduced on the oocytes injected with GFP-kNBC1 mutant 3 cRNA than the one injected with GFPkNBC1 wild type cRNA, while no GFP signal on plasma surface membrane was detected on the oocytes injected with GFP cRNA. In the following experiment, the epitope-tagged kNBC1 mutant 3 plasmid DNA was transiently transfected into polarized MDCK cells again. As shown in Fig.6 ., the epitope-tagged kNBC1 wild type was not co-localized with PDI(protein disulfide isomerase, red) ER marker in MDCK cells, however, the epitope-tagged kNBC1 mutant 3 was shown to co-localize with PDI in the cytoplasm in the transfected MDCK cells.
Dihydrophobic FL Motif in kNBC1 C-terminal Cytoplasmic Tail Shows α Helical
Structure, Reversing and Shifting Downstream FL Motif Cause Reduced α Helical
Contents. The purpose of the next series of experiments was to characterize the secondary structure of kNBC1 C-terminal cytoplasmic tail containing dihydrophobic FL motif by circular dichroism. Three short peptides with 20 amino acid residues were designed and synthesized, purified with preparative HPLC chromatography. Peptide 1: kNBC1 wild type I1001-S1020, IKIPMDIMEQQPFLSDSKPS; peptide 2: kNBC1 mutant 1 I1001-S1020, IKIPMDIMEQQPLFSDSKPS and peptide 3: kNBC1 mutant 3 I1001-S1020, IKIPMDIMEQQPSFLDSKPS and their purities are all more than 95%.
CD spectra data sets were collected from 190 nm to 250 nm. Data sets from 209 nm to 250 nm are validated and used to interpret the results. Fig.7a . shows CD spectra of kNBC1 wild type, mutant 1 and mutant 3 short peptides in sodium phosphate buffer(pH7.2). Overall, kNBC1 wild type shows more negative differential absorptions than mutant 1 and mutant 3. It was calculated that kNBC1 wild type, mutant 1 and mutant 3 short peptides contain 27.3%, 22.6% and 16.8% α helical contents in 10 mM sodium phosphate buffer(pH7.2), respectively, as shown in Table 1 . Similarly, Fig.7b . shows CD spectra of kNBC1 wild type, mutant 1 and mutant 3 short peptides in 50% TFE buffer.
Again, kNBC1 wild type shows more negative differential absorptions than mutant 1 and mutant 3 under α helical structural inducing condition. It was calculated that kNBC1 wild type, mutant 1 and mutant 3 short peptides contain 54.7%, 42.4% and 30.9% α helical contents in 50% TFE buffer, respectively, as shown in Table 1 . All these data showed that reversing di-hydrophobic motif FL (mutant 1) or shifting downstream FL motif (Fig. 2b. and Supplementary Fig. 8d.) .
Like the other apically mistargeting GFP-kNBC1 mutants{FL>AL:(F1013A) and Although there are many reports on the mechanisms of basolateral targeting, most of studies focused upon identification of primary amino acid residues responsible for such signals or some related adaptor-protein complexes, few investigations were documented to characterize tertiary or secondary structural analysis of such basolateral targeting motifs. In the present study, we not only investigate the effects of specific orientation and relative position of di-hydrophobic FL motif from kNBC1 on its basolateral targeting and functional activity, but also explore secondary structures of dihydrophobic FL motif containing short peptide as well as mutant peptides by circular dichroism spectroscopy. Our study showed that di-hydrophobic FL motif containing short peptide exhibits a typical α helical structure, reversing FL motif or shifting it to Cterminal end causes reduced α helical contents either in the absence or in the presence of α helical structure inducing reagent (Fig.7.) . Reversing FL motif in kNBC1 with slightly reduced(20%) α helical contents targets to basolaterl membrane and shifting FL motif to C-terminal end in kNBC1 with greatly reduced (40% to 50%)α helical contents mistargets into cytoplasm. Maintaining a certain amount of α-helical structure contents near di-hydrophobic FL motif in C-terminal cytoplasmic tail of kNBC1 may play a role for it to target exclusively to the basolateral membrane in epithelial cells. Further investigations on kNBC1 tertiary structure by more elegant studies such as x-rays diffraction or 2-D NMR would help to further elucidate this issue.
Summarized in Table 2 , we conclude, 1): a specific linear orientation of dihydrophobic FL motif in kNBC1 C-terminal end is not necessary for its exclusive targeting to the basolateral targeting and function of NBC1; 2): the specificity of relative position of dihydrophobic FL motif in kNBC1 is required for its exclusively basolateral targeting; 3): the protein sequence spanning FL motif in kNBC1 C-terminal cytoplasmic tail shows α helical structure, reversing or C-terminal shifting of di-hydrophobic FL motif reduces α helical contents in kNBC1.
Materials and methods
Construction of tagged full length NBC1 and mutants.
The full-length NBC1 was generated by PCR, using the human full-length kidney NBC1 DNA (3,257 bp and 1,035 amino acid residues) as a template (GenBank #: AF007216 ). The amplified wild-type NBC1 DNA was fused translationally in-frame to GFP by cloning into pcDNA3.1/NT-GFP-TOPO vector (Invitrogen, Carlsbad, CA).
Site directed mutagenesis was performed using QuikChange Site-Directed Mutagenesis Kit (Stratagene, La Jolla, CA). The schemes in Diagram. 1 and Diagram 2 depict the procedures of various mutations generated and primers used. The GFP-kNBC1 mutant 1 with FL reversed motif was generated using its sense and antisense primers and a previously studied GFP-kNBC1 mutant FF cDNA as a template (Li, et al., 2007) . In order to generate GFP-kNBC1 mutant 2 with FL motif upstream shifted, the GFP-kNBC1 mutant intermediate 1{ L(1012)L1013)P(1014)S(1015)} was firstly generated using its sense and antisense primers and GFP-kNBC1 mutant LL cDNA as a template, shown in The images co-labeled with phalloidin were used as preliminary dada analysis or recorded for the manuscript publication purposes.
Confocal Microscopy and Immunofluorescence Labeling of Epitope-tagged NBC1 and its
Various Mutants. The polarized MDCK cells were washed with PBS, and fixed in 4%
formaldehyde/PBS solution as described (Li, et 2.5 Na pyruvate, 0.5 theophylline, 100U/ml penicillin and 100 µg/ml streptomycin; pH 7.5. Injected oocytes were stored in an incubator at 17 0 C and were used for electrophysiological experiments after two to four days.
For voltage and currents measurements, epitope-tagged kNBC1 constructs were used.
Briefly, Oocytes were placed on a nylon mesh in a perfusion chamber and continuously perfused(3 ml/min perfusion rate). Western Blot Analysis. To examine the detergent and non-detergent fractions of GFPkNBC1 and its mutants in frog oocytes, oocytes were homogenized in lysis buffer in the presence or absence of 1% Triton X-100. The homogenized mixture without Triton X-100 was centrifuged at 14,000 g and the resultant supernatant was saved. This fraction is designated as Non-TX100 and is predominantly comprised of the cytosol contents(no any plasma or ER membrane components). The homogenized mixture with 1% Triton X-100 was centrifuged and designated as TX100, which is comprised of both membrane and in Equation (Maeng, et al., 2001 Step pulses between Vm=-160 and +40 mV were applied. All cRNAs injected are 0.5 μg/μl. 7b. CD spectra of kNBC1 wild type, mutant 1 and 3 short peptides in 50% TFE buffer. Table 1 . Analysis of CD spectra for secondary structure content of peptides. 
